AlGaAs growth by OMCVD using an excimer laser by Aron, Paul R. et al.
NASA Technical Mehorandum 88937 
f 
AlGaAs Growth by OMCVD 
Usiag an Excimer Laser 
Joseph D. Warner, David M.  Wilt, 
John J. Pouch, and Paul R.  Aron 
Lewis Research Center 
Cleveland, Ohio 
I h A S A - T f l - k & i E 3 7 )  AlGaBs G F C I I I k  E Y  CLCVC N87-22304 
LSfPiG A &  E X C I E E C  IASE6 ( h A Z 1 )  1 1  F A v a i l :  
b ? l S  tC A O I / M P  1 0 1  CSCL 2 O B  
Unclas  
H1/76 0076758  
Prepared for the 
Fall Meeting of the Materials Research Society 
Boston, Massachusetts, December 1-5, 1986 
https://ntrs.nasa.gov/search.jsp?R=19870013871 2020-03-20T10:39:07+00:00Z
AlGaAs GROWlH BY OMCVD USING AN E X C I M E R  LASER 
Joseph D .  Warner, David M. W l l t ,  John J .  Pouch, and Paul R. Aron 
N a t i o n a l  Aeronautics and Space A d m i n i s t r a t i o n  
Lewis Research Center 
Cleveland, Ohio 44135 
SUMMARY 
AlGaAs has been grown on GaAs by l a s e r  a s s i s t e d  OMCVD u s i n g  an excimer 
l a s e r ,  wavelength 193 nm, and a Cambridge OMCVD r e a c t o r .  F i l m s  were grow9 a t  
temperatures o f  450 and 500 "C w i t h  the l a s e r  beam e i t h e r  p a r a l l e l  t o  t h e  su r -  
f ace  o r  imp ing ing  on to  the  su r face  a t  15 "  f rom p a r a l l e l .  The samples were 
heated by RF c o i l s  when the l a s e r  beam was pe rpend icu la r  t o  t h e  gas f l o w .  
T y p i c a l  gas f l o w  parameters a r e  12 s l m  o f  H2, 15 sccm o f  H2 th rough 0 "C 
Ga(CH3)3, 13 sccm o f  H2 through 0 " C  Al(CH3)3, and a pressure  o f  250 mbar. 
r a t e  was 20 pps, and t h e  growth t i m e  was 7 min. The f i l m s  were analyzed by 
Auger e l e c t r o n  spectroscopy f o r  the aluminum c o n c e n t r a t i o n  and by TEM f o r  t h e  
su r face  morphology. 
h Q, 
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I w The i n i t i a l  energy d e n s i t y  o f  the beam a t  t h e  su r face  was 40 mJ/cm2, t h e  p u l s e  
lNTRODUC1 I O N  
The l a s e r - a s s i s t e d  organo-meta l l i c  chemical vapor d e p o s i t i o n  (LA-OMCVD) 
process has t h e  p o t e n t i a l  t o  be a b l e  t o  grow h i g h  q u a l i t y  111-V compound semi- 
conductors a t  low temperatures. This process i s  expected t o  g i v e  the  c o n t r o l  
needed t o  grow f i l m s  w i t h  monolayer t r a n s i t i o n s  o f  doping l e v e l s  and/or compo- 
s i t i o n ,  and should pe rm i t  t he  growth o f  f i l m s  such as undoped GaAs on p-AlGaAs 
o r  n-GaAs on p-GaAs. Excimer l a s e r s  have been used i n  the pas t  t o  grow i n s u l -  
a t o r  and m e t a l l i c  f i l m s  ( r e f .  1). Longer wavelength l a s e r s  have been used t o  
grown g a l l i u m  arsen ide  by h e a t i n g  e i t h e r  the  s u b s t r a t e  o r  t h e  d e p o s i t i o n  gases 
( r e f s .  2 t o  5 ) .  Donnel ly e t  a l .  have demonstrated the  growth o f  e p i t a x i a l  
s i n g l e  c r y s t a l  InP f i l m s  u s i n g  an excimer l a s e r  ( r e f .  6 ) .  
I n  t h i s  paper we r e p o r t  p r e l i m i n a r y  r e s u l t s  on t h e  growth o f  AlGaAs f i l m s  
by LA-OMCVD and the  aluminum concent ra t ion ,  I m p u r i t i e s ,  and c r y s t a l  q u a l i t y  o f  
t he  f i l m s .  Auger e l e c t r o n  spectroscopy (AES) and t ransmlss lon  e l e c t r o n  m ic ro -  
scopy (TEM) were used f o r  a n a l y s i s .  The f i l m s  were grown on GaAs a t  tempera- 
t u r e s  o f  450 and 500 "C u s i n g  193 nm l i g h t .  The f i l m s  were grown w i t h  t h e  
l a s e r  beam imp ing ing  on the  subs t ra te  a t  an ang le  o f  75" f r o m  normal o r  p a r a l -  
l e l  t o  the subs t ra te .  Dur ing each o f  t h e  runs a f i l m  was grown on a s u b s t r a t e  
which was l o c a t e d  upstream and ou ts ide  o f  t he  l a s e r  beam path.  The t h r e e  
methods o f  f i l m  growth a r e  compared. 
Pro fessor  George C o l l i n s  a t  Colorado S t a t e  U n i v e r s i t y  helped w i t h  h i s  
d i s c u s s i o n  on l a s e r - a s s i s t e d  CVD. 
Aluminum ga 
r e a c t o r  m o d i f i e d  
r e a c t i o n  chamber 
EXPERIMENI 
l i u m  arsen ide  f i l m s  were grown i n  a Cambri'dge MR 100 OMCVD RF 
w i t h  a fused s i l i c a  window l o c a t e d  on the s i d e  o f  t he  q u a r t z  
The l a s e r ,  Lambda Physik model 102-ES, was operated a t  
20 pulses/sec a t  an energy o f  250 mJ a t  193 nm ( A r F  l a s e r ) .  The l a s e r  beam, 
w i t h  dimensions 6 by 20 mm, impinged on t h e  GaAs wafer e i t h e r  a t  ang le  of 75" 
f r om normal, o r  was p a r a l l e l  t o  t h e  wafer and making g r a z i n g  con tac t .  F i l m s  
were grown on two samples d u r i n g  each run .  The p o s i t i o n  o f  t h e  samples r e l a -  
t i v e  t o  t h e  l ase r  beam i s  shown i n  f i g u r e  1 .  The exposed sample has t h e  beam 
e i t h e r  p a r a l l e l  t o  o r  imp ing ing  on i t s  sur face .  The Ilunexposed" sample i s  
25 mm upstream o f  t h e  exposed sample. Also, f o r  each s e t  o f  growth parameters 
t h e r e  was a c o n t r o l  r u n  made w i t h o u t  t h e  l a s e r  on. F i l m s  were grown a t  two 
temperatures: 450 and 500 O C .  
P r i o r  t o  the depos i t i on ,  t h e  wafers ( (100 )  o r i e n t a t i o n s )  were cleaned i n  
b o i l i n g  propanol, and etched w i th  s u l f u r i c  a c i d  and H2SOq/H202/H20 s o l u t i o n .  
The wafers  were then p laced i n  t h e  r e a c t o r  on a s i l i c o n  carb ide-coated  g r a p h i t e  
susceptor  as seen i n  f i g u r e  1 .  The mass f l o w  c o n t r o l l e r s  were s e t  a t  12 s lm 
f o r  hydrogen, 230 sccm f o r  10 percent  AsH3 i n  H2, 13 sccm o f  H2 th rough 
0 " C  Al(CH3)3 (TMAl), and 1 5  sccm o f  H2 th rough 0 " C  Ga(CH3)3 (TMG). 
chamber was purged f o r  2 h r  i n  f l o w i n g  hydrogen. Subsequently, t h e  temperature 
was r a i s e d  t o  375 O C  a t  a p ressure  o f  250 mbar. The temperature was measured 
us ing  a thermocouple imbedded i n  the  susceptor .  A t  375 " C  t o  p revent  l o s s  o f  
a r s e n i c  f r o m  the sur face ,  t he  a r s i n e  was tu rned on and then the  temperature was 
r a i s e d  t o  t h e  depos i t i on  temperature. The l a s e r  was then tu rned  on f o r  1 min 
w i t h  a r s i n e  f l ow ing .  A f t e r  t h e  l a s e r  was tu rned  o f f  t h e  T M A l  and t h e  TMG were 
i n t roduced .  A f t e r  30 sec the  l a s e r  was tu rned  back on f o r  7 min d u r i n g  whlch 
t ime  t h e  growth proceeded. 
AlGaAs because no purge gas was d i r e c t e d  t o  t h e  windows. The l a s e r  and t h e  
meta l  a l k y l  sources were then tu rned o f f .  The temperature was lowered t o  
375 " C  and t h e  a r s i n e  was tu rned o f f ,  and f i n a l l y  t h e  temperature was lowered 
t o  room temperature. The t ime sequence f o r  t h e  events  o c c u r r i n g  d u r i n g  t h e  
growth o f  t h e  f i l m s  i s  g i ven  i n  f i g u r e  2. 
The 
A t  t h e  end o f  t h e  r u n  t h e  window was coated w i t h  
A focused, 3 keV Ar i o n  beam was r a s t e r e d  over  an area on t h e  order  o f  
3 by 3.5 mm f o r  t h e  AES depth p r o f i l i n g  s t u d i e s .  The O(KLL), A l (KLL) ,  C(KLL), 
Ga(LMM), and As(LMM) Auger peaks were mon i to red  u s i n g  a 3 keV e l e c t r o n  beam. 
The average s p u t t e r i n g  r a t e  was approx imate ly  4 5  A per  minu te .  
RES U 1-1 S 
T y p i c a l  AES depth p r o f i l e s  ( f i g .  3 )  a r e  shown f o r  t h e  f i l m s  grown a t  
450 " C  w i t h  laser  imp ing ing .  Graph A i s  f o r  t h e  sample grown w i t h o u t  exposure 
o f  t h e  subs t ra te  t o  t h e  l i g h t ,  and graph B i s  f o r  t h e  beam imp ing ing  on to  t h e  
wafer  a t  1 5 " .  I n  a l l  t he  f i l m s  t h e r e  was no carbon de tec ted  i n  t h e  b u l k .  The 
aluminum peak was due t o  a p ressure  sp i ke  f rom the  T M A l  b o t t l e  when t h e  gas was 
tu rned on. The aluminum peak assoc ia ted  i n  graph B w i t h  t h e  i n t e r f a c i a l  oxygen 
peak i s  seen i n  a l l  samples w i t h  i n t e r f a c i a l  oxygen. Th is  aluminurn peak a l s o  
occur red  i n  the c o n t r o l  sample. The As  s i g n a l  was cont inuous across t h e  i n t e r -  
f ace  f o r  a l l  samples, 
The aluminum conten t  i n  t h e  b u l k  of  t h e  f i l m ,  t h e  oxygen con ten t  a t  t h e  
i n t e r f a c e ,  and t h e  s p u t t e r i n g  t ime  t o  t h e  i n t e r f a c e  were determined by AES. 
The r e s u l t s  are summarized i n  t a b l e  I. I n  t a b l e  I, I represents  t h e  case o f  
t h e  imp ing ing  beam, P represents  t h e  case f o r  t h e  p a r a l l e l  beam, and C r e p r e -  
sents  the  c o n t r o l  sample w i t h  no l i g h t  exposure. A l l  t h r e e  cases I ,  P, and C 
were a t  t h e  same p o s i t i o n  on the  subs t ra te .  
d e f i n e d  as one minus t h e  r a t i o  o f  t h e  peak t o  peak h e i g h t  o f  t h e  g a l l i u m  i n  
The aluminum con ten t  ( X A l )  i s  
2 
i 
t h e  b u l k  o f  t h e  f i l m  ( G f )  t o  t h e  peak-to-peak h e i g h t  o f  t h e  g a l l i u m  i n  t h e  
s u b s t r a t e  (Gb). 
XAl = r?) 
The oxygen con ten t  (X,) a t  t h e  i n t e r f a c e  i s  d e f i n e d  as t h e  r a t i o  o f  t h e  max- 
imum peak-to-peak h e i g h t  o f  t h e  oxygen s i g n a l  a t  t h e  i n t e r f a c e  (01) t o  t h e  
peak-to-peak h e i g h t  o f  t h e  g a l l i u m  s igna l  i n  t h e  s u b s t r a t e .  The s e n s i t i v i t y  
f a c t o r  f o r  Ga was taken t o  be constant  w i t h  changing A1 percentage. Th is  g i ves  
a 20.04 u n c e r t a i n t y  i n  t h e  A1 content  as determined by our  measurements on 
re fe rence  AlGaAs as samples. 
xo =(?) 
l h e  th i ckness  i s  determined by t h e  amount o f  t ime  i t  takes t o  s p u t t e r  t o  t h e  
maximum o f  t h e  aluminum peak. 
A s  seen f rom t a b l e  1 - t h e  oxygen con ten t  decreases when t h e  l i g h t  i s  
imp ing ing  on t h e  wafer  ( I )  versus e i t h e r  f o r  t h e  p a r a l l e l  case ( P )  o r  f o r  the  
c o n t r o l  sample ( C ) .  A t  500 " C  f o r  case I t h e r e  was no oxygen found w h i l e  a t  
450 " C  o n l y  a s l i g h t  amount o f  oxygen was found. The s e n s i t i v i t y  f o r  oxygen 
i s  es t imated  t o  be 0.5 percent .  Th is  i s  t o  be compared w i t h  t h e  c o n t r o l  f i l m  
( C )  o r  w i t h  t h e  f i l m  f o r  case P where a l a r g e  amount o f  oxygen i s  found.  Th is  
suggests t h a t  oxygen i s  be ing  removed f rom t h e  s u b s t r a t e  by t h e  l a s e r  beam 
p r i o r  t o  d e p o s i t i o n .  
A s  seen f rom t a b l e  I ,  t he  f i l m s  grown a t  450 " C  a r e  1/2 t o  1/3 t h e  t h i c k -  
ness o f  t h e  f i l m s  grown a t  500 "C. There appears t o  be an enhancement o f  t he  
growth r a t e  f o r  t h e  imp ing ing  case 1 versus t h e  p a r a l l e l  case P o r  t h e  c o n t r o l  
case C a t  500 "C .  A t  450 " C  t h e  f i l m s  a r e  t o o  t h i n  f o r  an accu ra te  determina-  
t i o n  o f  g rowth  enhancement. The aluminum con ten t  was lower  f o r  samples I and P 
than f o r  t h e  c o n t r o l  sample C a t  500 "C, b u t  a t  450 "C t h e r e  i s  no s t a t i s t i c a l  
d i f f e r e n c e .  
The 1 L M  r e s u l t s  a r e  shown i n  F igs .  4 and 5 .  F i g u r e  4 shows t h e  d i f f r a c -  
t i o n  p a t t e r n  o f  t h e  f i l m  grown a t  500 "C w i t h  t h e  l a s e r  beam imp ing ing .  I t  i s  
s i n g l e  c r y s t a l  as seen f rom the  c h a r a c t e r i s t i c  (100) d i f f r a c t i o n  p a t t e r n .  
F i g u r e  5 shows t h e  su r face  morphology a f t e r  t h i n n i n g  w i t h  an i o n  beam. V e r t i -  
c a l  f e a t u r e s  t h a t  a r e  t y p i c a l l y  200 t o  400 A a p a r t  a r e  observed. The t r u e  
morphology i s  expected t o  be a t  l e a s t  as good as t h a t  shown i n  f i g u r e  5. The 
o r i g i n  o f  these fea tu res  has n o t  been i n v e s t i g a t e d .  O p t i c a l  microscopy shows 
no v i s i b l e  d e f e c t s  and t h e  su r face  i s  smooth and m i r r o r l i k e .  
SUMMARY 
We have grown s i n g l e  c r y s t a l  AlGaAs on GaAs a t  500 " C  us ing  an OMCVD reac-  
t o r  and an A r F  excimer l a s e r .  l h e  f i l m s  grown w i t h  193 nm l i g h t  imp ing ing  on 
t h e  su r face  have no d e t e c t a b l e  amount, t o  t h e  AES s e n s i t i v i t y  l i m i t ,  o f  oxygen 
o r  carbon i n  t h e  f i l m .  A lso,  we have shown t h a t  t h e  ox ides on t h e  s u b s t r a t e  
3 
su r face  can be removed p r i o r  t o  d e p o s i t i o n  by exposing t h e  wafer  t o  t h e  l a s e r  
l i g h t .  
Other AlGaAs f i l m s  a r e  be ing  prepared a t  lower  growth temperatures f o r  
comparison. The f i l m s  i n  t h i s  paper and o the rs  w i l l  be analyzed f o r  t h e i r  
i m p u r i t y  l e v e l s ,  and c a r r i e r  concen t ra t i on .  The i m p u r i t y  l e v e l s  w i l l  be d e t e r -  
mined by secondary on mass spect rometry .  The c a r r i e r  c o n c e n t r a t i o n  w i l l  be 
determined by e l e c t r i c a l  t r a n s p o r t  measurements. 
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TABLE I. - THE THICKNESS OF THE AlGaAs FILMS IN 
SPUl lERING T I M E  (MIN) TO THE INTkRFACE 
[The aluminum content in the films (XAl), and 
the amount of oxygen at the interface (X,) 
for different temperatures and samples are 
glven below. The samples: C represents the 
control sample (no laser interaction); 
P represents the beam parallel to the surface 
of the wafer; and I represents the beam 
impinging onto the wafer at 15' from parallel. 1 
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FIGURE 2. - TIME SEQUENCES OF THE TEMPERATURE, OF THE GASES, AND OF THE LASER INTENSITY DURING 
ALGAAS GROWTH. 
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(B) F I L M  GROWN WITH EXPOSURE TO IMPINGING LASER PULSES FROM AN ARF LASER (193 NM AT 
450 'C. 
FIGURE 3 ,  - AUGER ELECTRON SPECTROSCOPY DEPTH PROFILE OF ALGAAS ON GAAS SUBSTRATE GROWN AT 
450 OC. 
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GALLIUM (GA), ARSENIC (AS), ALUMINUM (AL), AND OXYGEN (0) PEAK-TO-PEAK HEIGHT 
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FIGURE 4 .  - TEM ELECTRON DIFFRACTION PATTERN OF ALGAAS GROWN AT 500 OC 
WITH THE LASER BEAM (WAVELENGTH 193 NM) IMPINGING, 
a 
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